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[57] ABSTRACT 
A method is provided for the control of servo hydraulic 
pressure in an automatic transmission. Servo hydraulic 
pressure is adapted to engage or release ?rst and second 
frictional engagement elements arranged in such a rela 
tionship that, upon shifting from one particular speed 
stage to another, one of the ?rst and second frictional 
engagement elements is released while the other is en 
gaged. The servo hydraulic pressure, engaging one 
frictional engagement element, is linearly lowered in a 
torque phase during a shift so it releases the one fric 
tional engagement element, responsive to a rise in the 
servo hydraulic pressure to the frictional engagement 
element to be engaged, to maintain an inversely propor 
tional relationship between the servo hydraulic pressure 
being raised and that being released. 

6 Claims, 4 Drawing Sheets 
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CONTROL METHOD OF AND SYSTEM THEREOF 
FOR INVERSELY PROPORTIONALLY RAISING 

AND LOWERING SERVO HYDRAULIC 
PRESSURE, BASED ON INPUT TORQUE, FOR 
ENGAGING AND DISENGAGING FRICI‘IONAL 
ELEMENTS IN AUTOMATIC TRANSMISSION 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 
This invention relates to a control method for an 

automatic transmission, especially to a method for the 
control of servo hydraulic pressure adapted to have 
frictional engagement elements engaged or released for 
changing the gear position of an automatic transmission. 

2) Description of the Related Art 
An automatic transmission mounted on a vehicle is 

designed to provide a multiplicity of speed stages with 
a view toward improving the running performance, gas 
mileage, riding comfort and the like to the vehicle. 
However, increases in dimensions and weight which 
result from the provision of such a multiplicity of speed 
stages impair the mountability of the automatic trans 
mission on the vehicle and reduce the gas mileage. To 
provide automatic transmissions with a multiplicity of 
speed stages, there is therefore a need for further dimen 
sional and weight reduction and also for further struc 
tural simpli?cation. In view of the foregoing, the as 
signee of the present application has already developed 
a ?ve-speed automatic transmission in which an inlet 
side overdrive planetary gear is combined with a 4-for 
ward/l-reverse primary shifting unit composed of an 
in-line train of three planetary gears. The gear train of 
the primary shifting unit, however, requires engage 
ment of friction elements of different brakes upon shift 
ing from a 2nd speed to a 3rd speed. This engagement 
tends to produce a shift shock. In a method commonly 
employed to avoid such a shift shock, a one-way clutch 
is inserted in series with frictional engagement elements 
which take part in the engagement. Addition of such a 
structural element is however contradictory with the 
above-described objective of dimensional and weight 
reduction. It is desirable to avoid the addition of such a 
structural element if another measure is available. 

Conventional methods of controlling servo pressure, 
which involve engagement of different frictional en 
gagement elements as described above, include the use 
of a timing valve. In these conventional methods, the 
timing valve is actuated when the servo pressure of 
servo means, adapted to operate a friction element on an 
engaging side, has reached a predetermined level or 
higher. A large-diameter ori?ce is then opened to 
promptly drain the servo pressure on the releasing side. 
This makes it possible to control the timings of the 
engagement and release. Further, as is disclosed in J apa 
nese Patent Application Laid-Open No. SHO 64-65354, 
both throttle pressure and engaging pressure are applied 
in a mutually opposing relation against a valve spool so 
that the change-over of an the ori?ce for controlling 
drain pressure is performed at a timing corresponding to 
the engine load. 

In the former technique, the timing valve is designed 
to change over against spring load at a predetermined 
constant pressure. The pressure employed to operate 
the timing valve is throttle pressure which also controls 
the line pressure and the engaging pressure. Good 
change-over performance cannot therefore be achieved 
under certain shift conditions. A shift shock occurs due 
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2 
to tie-up of a brake especially when the accelerator 
pedal is released in the course of a shift and the input 
torque is changed accordingly. Since the timing of 
change-over of a timing valve is determined by the 
initial setting, it is impossible to make a correction 
against a deviation in the coefficient of friction of a 
friction element, time-dependent reduction of engine 
torque, or the like. Further, it is also impossible to cope 
with variations in temperature or a change in throttle 
opening during a shift because the control of the 
change-over timing is effected by switching drain ori 
?ces. No matter which conventional technique is used, 
it is extremely dif?cult to restore drain pressure once 
drainage is started. This makes it impossible to promptly 
correct the timing of change-over responsive to varia 
tions in the input torque. 

SUMMARY OF THE INVENTION 

With the foregoing in view, the present invention has 
a primary object the provision of a method for control 
ling servo hydraulic pressure, which method regulates 
both engaging pressure and drain pressure in a mutually 
dependent manner during a shift, thereby making it 
possible to properly correct the timings of engagement 
and release even at extremely low temperatures or im 
mediately responsive to a change in the throttle open 
ing, even during the shift, and therefore inhibiting or 
reducing a shift shock. 
To overcome the above problems, the present inven 

tion therefore provides a method for the control of 
servo hydraulic pressure in an automatic transmission 
provided with planetary gear mechanisms disposed 
between an input shaft and an output shaft so that shift 
ing elements of the planetary gear mechanisms can be 
connected under control of servo hydraulic pressure to 
establish a different power ?ow in accordance with 
engagement or release of frictional engagement ele 
ments and hence to achieve plural speed stages. 
The method of the present invention includes linearly 

lowering servo hydraulic pressure, which is adapted to 
engage or release ?rst and second frictional engagement 
elements arranged in such a relationship that upon shift 
ing from a particular speed stage to another among the 
plural speed stages, one of said ?rst and second fric 
tional engagement elements is released while the other 
is engaged, in a torque phase during a shift so that the 
servo hydraulic pressure on a side of the frictional en 
gagement element to be released by using as an input the 
servo hydraulic pressure on a side of the frictional en 
gagement element to be engaged is maintained in con 
formity with an inversely proportional relationship 
between engaging pressure and drain pressure. 
According to the servo hydraulic pressure control 

system of the present invention, designed as described 
above, the drain pressure is lowered relative to the 
engaging pressure throughout the period of a shift so 
that the drain pressure is maintained in an inversely 
proportional relationship with the engaging pressure. 
The drain pressure is therefore always maintained at a 
proper value. This makes it possible to achieve control 
such that the servo hydraulic pressure an be promptly 
corrected responsive to any temperature change and to 
any change in throttle opening in the course of the shift. 
Appropriate timing is therefore always available for a 
shift by controlling the servo hydraulic pressure alone. 
Shift shocks can therefore be reduced without using any 
one-way clutch. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become apparent from the 
following description and the appended claims, taken in 
conjunction with the accompanying drawings, in 
which: _‘ 
FIG. 1 is a fragmentary diagram of a hydraulic con 

trol circuit of an automatic transmission which can be 
used to practice a servo hydraulic pressure control 
method according to one embodiment of the present 
invention; 
FIG. 2 is a characteristic diagram of servo pressure 

control according to the control method; 
FIG. 3 is a skeleton diagram showing a gear train of 

the automatic transmission, said gear train being at a 
2nd speed position; 
FIG. 4 is a skeleton diagram showing the gear train of 

the automatic transmission, said gear train being at a 3rd 
speed position; 
FIG. 5 is a shift characteristic diagram upon 2—+3 

shift of the automatic transmission; and 
FIG. 6 is a ?ow chart of servo pressure control by the 

servo hydraulic pressure control method. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED EMBODIMENT 

One embodiment of a system useful in the practice of 
the method of this invention will hereinafter be de 
scribed with reference to the accompanying drawings. 
In the illustrated embodiment, the automatic transmis 
sion is, as shown in FIG. 3, a five-speed automatic trans 
mission in which an inlet-side overdrive planetary gear 
OD is combined with a 4-forward/l~reverse primary 
shifting unit M composed of an in-line train of three 
planetary gears. The brakes which are alternatively 
engaged upon shifting are a brake B-3 and a brake B-2, 
the former brake being engaged only in a 2nd speed and 
the latter only in a 3rd speed. The automatic transmis 
sion includes, as is conventional, an inlet-side overdrive 
planetary gear OD and a primary shifting unit M, in 
addition to a torque converter T equipped with a 
lockup clutch. Planetary gear mechanism P is equipped 
with an in-line train of three sets of planetary gears P1, 
P2, P3 with individual shifting elements being con 
nected directly as needed. Arranged in association with 
the shifting elements (sun gears, carriers, ring gears) of 
the individual planetary gears, are clutches C-1, C-2, 
brakes B1 to B4 and one-way clutches F-l, F-2. Al 
though not shown in the drawing, the clutches and 
brakes are each provided, as in the conventional art, 
with a servo means which comprises a piston-cylinder 
mechanism to engage or release a frictional engagement 
element of the corresponding clutch or brake under 
control by servo pressure. 

In the gear position illustrated in FIG. 3, in which the 
clutch C-1 and the brake B-3 are both engaged and the 
remaining frictional engagement elements are all re 
leased, rotation of the output shaft I, which also serves 
as an output shaft of the input-side overdrive planetary 
gear OD, is transmitted as 2nd speed rotation at the 
output shaft 0. A ring gear R2 of the planetary gear P2 
serves as an input element, carrier C1 of the planetary 
gear P1 functions as a reaction force element, and both 
carrier C2 of the planetary gear P2 and ring gear R1 of 
the planetary gear P1, said ring gear R1 being con 
nected directly with said carrier C2, serve as output 
elements. In the gear position depicted in FIG. 4, in 
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4 
which the clutch C—1 remains engaged, the brake B-2 is 
engaged and the remaining frictional engagement ele 
ments are all released, rotation of the output shaft I is 
transmitted as 3rd speed rotation at the output shaft 0, 
with the ring gear R2, a sun gear S2 and the carrier C2 
of the planetary gear P2 serving as an input element, a 
reaction force element and an output element, respec 
tively. Accordingly, the frictional engagement elements 
which take part in the 2—>3 shift are the brake B-3 and 
the brake B-2. 
The hydraulic pressure control system of the auto 

matic transmission is provided with means for regulat 
ing the servo pressure for servo mechanism which are 
adapted to engage or release the frictional engagement 
elements of the brake B-3 and brake B-2 in such a way 
that, upon shifting, one of the brakes is released and the 
other is engaged. This pressure regulating means in 
cludes as illustrated in FIG. 1, a 2-3 shift valve 1, a 2-3 
timing valve 2, an SLU linear solenoid valve 3, a B-3 
accumulator 4, and an accumulator control solenoid 
valve 5 for controlling the back pressure of the B-3 
accumulator 4. In addition, there are also provided an 
electronic control unit (ECU) 6 for outputting a control 
signal to the SLU linear solenoid valve 3 in accordance 
with engine load and an input torque detector 7 for 
detecting input torque and for generating an input 
torque signal in accordance with the detected engine 
load. The ECU 6 outputs the control signal responsive 
to said input torque signal. 

Describing the construction of each element in fur 
ther detail, formed in a cylinder wall de?ning a valve 
bore 2a of the 2-3 timing valve 2 are a port 21 in com 
munication with a drain line L1 of the 2-3 shift valve 1, 
a drain pressure input port 22 communication with the 
line L1 via an ori?ce 2e, a feed pressure input port 23 
communicating via an ori?ce 2f with a feed line L2 
extending from the 2-3 shift valve 1 to the B-2 brake 
servo means, an input torque signal port 24 fed with a 
signal hydraulic pressure regulated by the SLU linear 
solenoid valve 3 which is controlled by a control signal 
from the ECU 6 in accordance with a signal corre 
sponding to input torque, and a drain port 25. A spool 2f 
?tted inside the valve bore 2a is provided with a land 
26, another land 27 and a small-diameter land 28. The 
land 26 is located at one end of the spool 2b and serves 
to control the opening of the drain port 25. The land 27 
is located at an axial intermediate portion of the spool 
2b, divides the drain pressure input port 22 and the port 
21 from each other, and forms a pressure-receiving face 
for drain pressure on the side of the drain pressure input 
port 22. The small-diameter land 28, on the other hand, 
divides the feed pressure input port 23 and the drain 
pressure input port 22 from each other. The land 26 
located on the one end of the spool 2b is in contact with 
a pressure-receiving piston 2d via a spring 2c. The pres 
sure-receiving piston 2d forms a pressure-receiving face 
for signal pressure from the input torque signal port 24. 
The B-3 accumulator 4 is connected via an ori?ce 4a 

to a feed line L3 which extends to the B-3 servo means 
so that, like the B-2 accumulator 8 for the B-2 servo 
means, the drain pressure of the feed line L3 can be 
regulated under the control of back pressure even dur 
ing drainage. In the drawing, numeral 9 designates a B-2 
ori?ce control valve which constitutes a fast ?lling 
means. This fast ?lling means accelerates feeding of 
hydraulic pressure to the B-2 servo means at an initial 
stage of the feeding. Designated at numeral 10 is a 8-3 
control valve which takes a part in a shift from the 2nd 
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speed to the 3rd shift. The B-3 control valve serves to 
lock the spool 2b in a leftward position indicated by its 
the upper half portion illustrated in the drawing. 

In the servo hydraulic control system constructed as 
described above, when operated at the 2nd gear posi 
tion, drive range pressure which has been fed through a 
manual valve (not'shown) is fed to the B-3 servo means 
via a 1-2 shift valve 11, the 2-3 shift valve 1 and the feed 
line L3. The brake B-3 is therefore in the engaged state. 
When a shifting solenoid valve (not shown) is actuated 
responsive to a control signal from ECU 6 in accor 
dance with the running conditions of the vehicle and 
the 2-3 shift valve 1 is changed over to the 3rd position 
(the intravalve oil passage is shown by solid lines), the 
hydraulic pressure of the B-3 servo means begins to 
flow from the feed line L3 to the drain line L1 via the 
2-3 shift valve 1, and further into the drain pressure 
input port 22 via the port 21 and ori?ce 2e while a 
portion thereof is drained through an ori?ce 12 having 
a very small diameter and serving to prevent valve 
sticking. 
On the other hand, the drive range pressure is fed 

from the 2-3 shift valve 1 to the B-2 servo means via the 
feed line L2. At this time, the B-2 ori?ce control valve 
9 is switched under spring force to the position indi 
cated by its upper half portion shown in the drawing. 
The drive range pressure is therefore promptly fed to 
the B-2 servo means through the large capacity in 
travalve oil passage which extends through the valve 9 
while bypassing a checkball-?tted ori?ce 13. As a con 
sequence, a piston of the B-2 servo means is promptly 
moved until it engages the associated frictional engage 
ment element, whereby any play is eliminated. At the 
time of completion of this fast ?lling operation, the 
valve 9 is displaced to the position which is indicated by 
its lower half portion shown in the drawing, by feed 
back of the hydraulic pressure (hereinafter called “the 
B-2 pressure”) from the feed line L2. By slowly feeding 
hydraulic pressure through the checkball-?tted ori?ce 
13, the B-2 pressure begins to rise gradually so that 
pressure is accumulated in the accumulator 8. As a 
result of an increase in pressure at the input port 23 of 
the 2-3 timing valve 2, the spool 2b is displaced right 
wards as indicated by its lower half portion in the draw 
ing so that the drain port 25 is opened. As a conse 
quence, the pressure (hereinafter called “the B-3 pres 
sure”) of the drain line (namely, the feed line L3) is 
lowered in accordance with the increase in pressure at 
the port 23. 
At this time, the servo hydraulic pressure (B-3 pres 

sure) on the side of the frictional engagement element, 
which is to be released by using the servo hydraulic 
pressure (B-2 pressure) on the side of the frictional en 
gagement element to be engaged, is linearly lowered 
from the initiation of the shift to at least the end of the 
torque phase as illustrated in FIG. 2 so that the B-3 
pressure remains in conformity with an inversely pro 
portional relationship between the engaging pressure 
and the drain pressure, said relationship being derived 
theoretically. In FIG. 2, the solid lines indicate the 
theoretical relationships of the B-3 pressure to the B-2 
pressure as derived by calculation, whereas alternate 
long and short dash lines show the actual relationships 
obtained by slightly increasing the proportion of the B-3 
pressure to avoid-‘slip at the initial stage of the torque 
phase, in view of variations in ?ow resistance due to 
temperature variations and variations in the coefficients 
of friction of the frictional engagement elements. 
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6 
If the throttle valve is operated during the above 

pressure-lowering control, a change in input torque, 
said change corresponding to the resulting change in 
the opening of the throttle valve, is detected by the 
input torque detector 7. Responsive to a detection signal 
from the input torque detector 7, a control signal is 
outputted from the ECU 6 to the SLU linear solenoid 
valve 3. As a result, the piston 2d is displaced in accor 
dance with the resulting change in the signal pressure 
applied from the port 24 so that the spring load of the 
spring 20 is changed. Since the B-3 pressure is con 
trolled according to the signal pressure at the port 24 
such that the spring 2c is compressed and the 2-3 timing 
valve 2 and the piston 2d are connected together, the 
relationship is changed to that of the upper line or lower 
line by changes of the parameters shown in FIG. 2. 
When the power is on, for example, the 13-3 pressure is 
increased by the application of the back pressure of the 
accumulator 4 and the brake is held in an overlapped 
state, so that the engine can be prevented from idling at 
a high speed. When the power is off, conversely, the 
spring load of the spring 20 is lowered, the B-3 pressure 
is lowered and the brake is hence held in an under 
lapped state, because there is no potential problem that 
the engine would idle at a high speed. 
FIG. 5 illustrates time-dependent variations of the 

actual B-2 pressure, B-3 pressure, output torque and 
input shaft rmp upon shifting. In the diagram, letter a 
indicates a fast-?lling period, letter b designates a period 
of the pressure regulation according to the present in 
vention, and the dashed curve shows a conventional 
drop in the drain pressure. The downward shift of the 
output torque curve at the end of the torque phase is 
attributed to a drop in torque due to tie-up of the brake. 
A brief description will next be made of the reasons 

for which such an inversely proportional relationship 
exists between the B-2 pressure and the B-3 pressure. 
Based on static balancing of torques, the input torque 
TIN, the B-2 transmission torque T32 and the B-3 trans 
mission torque TB3 during a shift are related as repre 
sented by the following equation: 

ZS: the number of teeth of each sun gear 
ZR: the number of teeth of each ring gear 
In the equation (1), M and A2 are constants de?ned by 

Z5 and Z R so that the equation (1) is a ?rst order equa 
tion of T3; with TIN serving as a parameter. By substi 
tuting speci?c data and frictional coef?cients of the 
brakes for T33 and T3; in the equation, the equation can 
be converted to an equation which expresses the rela 
tionship between the B-3 pressure P 33 and the B-2 pres 
sure Pm. The following equation is derived as a conse 
quence: 

T1N= 9.822PB3 —6.601+17.19PB2 - 9.788 (2) 

The diagram shown in FIG. 2 is thus obtained. 
As has been described above, the method according 

to this embodiment is designed in such a way that the 
releasing pressure can be regulated relative to increases 
in the engaging pressure in a predetermined relationship 
and the relationship between the engaging pressure and 
the releasing pressure can also be modi?ed in accor 
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dance with variations in the input torque, namely, in 
accordance with solenoid pressures outputted from the 
linear solenoid valve 3. The linear solenoid valve 3 
which controls the pressure regulation by the 2~3 tim 
ing valve 2 is independent from the control of the en 
gaging pressure by the 2-3 shift valve 1 and can there 
fore be changed over regardless of the engaging charac 
teristics. With respect to the relationship between the 
engaging pressure and releasing pressure, the 2-3 timing 
valve 2 is set so that, as indicated by the alternate long 
and short dash lines in FIG. 2, the safety factor of the 
clutch-releasing pressure is large near the starting point 
of the torque phase but becomes small near the end of 
the torque phase. This setting of the 2-3 timing valve 2 
is effective in preventing high-speed idling of the engine 
in the initial stage of the torque phase and also in reduc 
ing variations of the change-over point. 
According to the method of the above embodiment, 

the releasing pressure can be regulated relative to the 
engaging pressure by solenoid pressure which the linear 
solenoid valve 3 outputs in accordance with input 
torque. It is therefore always possible to appropriately 
control the brakes. Even when the accelerator pedal is 
released, good control is still feasible by underlapping 
the engaging pressure and the releasing pressure. Since 
the releasing pressure can be regulated based on the 
engaging pressure and the input torque, the releasing 
pressure can be corrected immediately, responsive to 
changes in temperature or variations in throttle opening 
in the course of shifting. Further, the timing of change 
over can be corrected in view of variations in the coef? 
cients of friction of the friction elements or time 
dependent deteriorations in engine torque or the like by 
changing the solenoid pressure in accordance with such 
variations. 
A description will next be made of 3—->2 shift. The 

drive range pressure D is fed from the 2-3 shift valve 1 
to the B-3 servo means via the feed/drain lines L1,L2. 
Feeding of pressure to the B-3 servo means is conducted 
by following the procedures of the flow chart shown in 
FIG. 6. The procedures will hereinafter be described 
based on FIG. 6. In step S1, under the control of a 
shifting solenoid valve (not shown), the 2-3 shift valve 
1 brings the B-2 servo means into communicate with the 
drain circuit and also brings the B-3 servo means into 
communication with the feed circuit. Here, as is shown 
in step’S2, the back pressure of the B-2 accumulator 8 is 
feedback-controlled as described above so that the input 
rpm undergoes a target change. This control is contin 
ued until a second synchronization is achieved. 
During the above change in rpm, in other words, 

until the second synchronization is attained, the port 31 
remains in communication with the port 32 because the 
spool 30 assumes the position which is shown in an 
upper half portion thereof in FIG. 1, by a spring of the 
B-3 control valve 10. Due to rapid supply of hydraulic 
pressure through the large-diameter ori?ce 3b, the pis 
ton of the B-3 servo means is immediately displaced to 
a position where- the friction element can be engaged, in 
other words, fast ?lling is performed. 

In step S3, the signal pressure to be fed to the port 34 
of the B-3 control valve 10 is controlled at a low level 
by the SLU linear solenoid valve 3. The signal pressure 
is therefore maintained in a standby state where the feed 
pressure (hereinafter called “B-3 pressure”) to the B-3 
servo means is kept low to allow the B-3 brake to trans 
mit a small amount of torque. This is the control to 
avoid in?uence to the above-described change in rpm. 
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Omission of this control results in an abrupt change in 
rpm and tie-up of both the brakes, because of an in» 
crease in the B-3 pressure. Any extra portion of the B-3 
pressure in this range is released through the B-2 ori?ce 
control valve 9 since the port 36 is opened as a result of 
application of feedback pressure from the port 33. By 
the operation described above, a low-pressure, standby 
state is achieved. 
The routine next advances to step S4, where the time 

t until the second synchronization is calculated at the 
ECU 6 from the rate of change in the number of input 
revolutions and is compared with a preset value to. As 
long as t is not found to exceed toas a result of the above 
comparison, the routine returns from step S5 to step S2 
so that the flow from step S2 to step S4 is repeated. 
As soon as the value of the time t becomes greater 

than the preset value to, the routine then advances to 
step S6 where the B-2 pressure is raised at a an incre 
mental rate corresponding to the value of input torque 
detected by the input torque detector 7. By this gradual 
pressure increase, both the brakes B-2 and B-3 are posi 
tioned so that they jointly share the bearing of the 
torque, thereby making it possible to achieve a smooth 
change to the point of synchronization by variations in 
their torque shares. This state is continued until syn 
chronization with the second gear is con?rmed in the 
next step S7. 
When the synchronization is eventually con?rmed 

the SLU linear solenoid valve is set at a full output 
position in step S8 so that the port 31 of the B-3 control 
valve 10 is brought into an open state providing full 
communication with the port 32. As a result, the B-3 
brake is promptly engaged. Responsive to a signal pres 
sure fed from a solenoid valve, on the other hand, the 
B-2 ori?ce control valve 9 is opened so that the B-2 
pressure is drained promptly. By the series of steps 
described above, the 3—>2 shift is completed. In the 
manner described above, the engaging pressure is regu 
lated stepwise in the system of the above embodiment 
until the synchronization with the second gear is at 
tained. 
The present invention has been described in detail 

based on one embodiment in which the present inven 
tion was applied to a ?ve-speed automatic transmission. 
It is to be noted that apparatuses to which the present 
invention can be applied are not limited to such auto 
matic transmissions. Further, the speci?c construction 
of each element is not limited to that described above. It 
is possible to adopt, for example, a design wherein that 
the engaging pressure is directly controlled, based on 
electrical signals alone, by using a solenoid valve, in 
stead of the timing valve provided that high-accuracy, 
direct detection of the engaging pressure and releasing 
pressure is feasible. 
We claim: 
1. A control system for an automatic transmission 

having a planetary gear mechanism disposed between 
an input shaft and an output shaft and ?rst and second 
frictional engagement elements for braking, respec 
tively, ?rst and second components of said planetary 
gear mechanism, said ?rst frictional engagement ele 
ment being released While said second frictional engage 
ment element is engaged upon upshifting from a given 
speed stage to another speed stage, said control system 
comprising: 

a detector for detecting input torque at the input 
shaft; 
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a ?rst hydraulic servo for engaging the ?rst frictional 
engagement element; 

a second hydraulic servo for engaging the second 
frictional engagement element; 

a ?rst hydraulic line connecting said ?rst hydraulic 
servo with a drain port; 

a second hydraulic line for feeding hydraulic pressure 
to said second hydraulic servo; 

solenoid valve means for outputting a signal pressure 
responsive to the detected input torque; and 

timing valve means, in ?uid communication with said 
?rst hydraulic line, for lowering servo hydraulic 
pressure of said ?rst hydraulic servo in conformity 
with an inversely proportional relationship be 
tween servo hydraulic pressure to said ?rst hydrau 
lic servo and servo hydraulic pressure to said sec 
ond hydraulic servo, said inversely proportional 
relationship being predetermined for said signal 
pressure. 

2. A control system in accordance with claim 1 
wherein said timing valve means comprises a valve 
spool having a ?rst pressure-receiving face for receiv 
ing the servo hydraulic pressure of said ?rst hydraulic 
servo to move said spool to a position for connecting 
said ?rst hydraulic servo and said drain port, and a 
second pressure-receiving face for receiving the servo 
hydraulic pressure to said second hydraulic servo to 
move said spool toward a position for connecting said 
?rst hydraulic servo with said drain port and a third 
pressure-receiving face for receiving the signal pressure 
from said solenoid valve to move said spool toward a 
position where said ?rst hydraulic servo is disconnected 
from said drain port. _ 

3. The control system in accordance with claim 1 
further comprising: 
accumulator means, including an accumulator con 

nected to said second hydraulic line, for gradually 
raising the servo hydraulic pressure to said second 
hydraulic servo; and 

an accumulator control solenoid valve for controlling 
back pressure of said accumulator. 
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4. A hydraulic control system in accordance with 

claim 2 wherein said spool means comprises ?rst and 
second spools and a spring disposed between said ?rst 
and second spools, said ?rst spool carrying said ?rst 
pressure-receiving face and said second pressure-receiv 
ing face and said second spool carrying said third pres 
sure-receiving face. 

5. A method for the control of servo hydraulic pres 
sure in an automatic transmission having a planetary 
gear mechanism disposed between an input shaft and an 
output shaft and ?rst and second frictional engagement 
elements, engageable, respectively, by a ?rst hydraulic 
servo responsive to a ?rst servo hydraulic pressure and 
by a second hydraulic servo responsive to a second 
servo hydraulic pressure, to upshift from one speed 
stage to another speed stage, said method comprising 
the steps of: 

a) detecting input torque to the input shaft; 
b) with the ?rst frictional engagement element en 
gaged and the second frictional engagement ele 
ment disengaged, gradually raising the second 
servo hydraulic pressure to engage the second 
frictional engagement element; and 

0) simultaneously with step b, lowering the ?rst servo 
hydraulic pressure to disengage the ?rst frictional 
engagement element responsive to (l) the rise in 
the second servo hydraulic pressure and (2) the 
detected input torque, whereby the ?rst servo hy 
draulic pressure is lowered in conformity with an 
inversely proportional relationship with the second 
servo hydraulic pressure, said inversely propor 
tional relationship being predetermined for the 
detected input torque. 

6. A method in accordance with claim 5 further com 
prising: 

inputting a signal representative of the detected input 
torque into an electronic control unit; 

generating, within said electronic control unit, a con 
trol signal responsive to said input torque signal, 
wherein said lowering of said ?rst servo hydraulic 
pressure is controlled responsive to said control 
signal. 

* * it * * 
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